Fugitive material has been identified as the main source of air pollution, especially total suspended particulate (TSP) and particulate matter less than 10 micrometers (PM 10 ) in open pit mining. The aim of this research was to estimate the concentration of PM 10 and measure the impact of coal piles on nearby populations. The sources under consideration are three different areas for coal storing. All three areas are distributed along the mine with 14 piles with a total capacity of 3.2 Mton. Emissions were estimated and the contribution of PM 10 for the activities of loading, unloading, hauling coal, tractor operations and wind disturbances on the surface of the coal piles using the emission factors suggested by EPA. The contribution to environmental receptors was determined with the dispersion model CALPUFF. Although higher emissions occur in solar hours, characterised by high values of wind speed and higher insolation, the greater receptivity PM 10 measurements stations occur during the night hours by decreasing the mixing height. The model show that the activities involved in coal storage can provide 14.5% of daily environmental concentrations in receptors located 16.2 km downwind of the source, which showed that CALPUFF can be used for complex terrain and short distance from the source of emission.
Introduction
recommended for influence areas under 50 kilometers (50 km) nevertheless; AERMOD does not consider the temporal and spatial variations in the transport direction of the plume. Although CALPUFF is generally recommended for long range dispersion calculations (50 km), can be used on a case-by-case basis also for near field applications [21, 22] . This model has been used in many investigations in complex terrain and was used in this type of source [21, 23, 24] . In this research, the CALPUFF model was used to estimate the concentrations of PM 10 in the receptors on human settlement, whit meteorological data of stations located and operated by the Cerrejón. The objective of this research was to estimate the concentration of PM 10 and measure the impact of coal piles on nearby populations.
Methods

Study area
The open pit coal mining operation, Cerrejón, is located in northern Colombia in the La Guajira Department, east of the Sierra Nevada de Santa Marta and west of the Perijá Mountains, in line with the Venezuela's border. It is located 11° 5' 2'' north and 72° 40'31'' west ( fig. 1 ).
Figure 1: Geographic localization of the Cerrejón coal mine in La Guajira
(Caribbean region of Colombia).
Cerrejón coal mining is administratively distributed in the Cerrejón northern zone (CNZ), Cerrejón central zone (CCZ), and Cerrejón southern zone (CSZ).
The mining operation reached a coal production of 33.4 Mtons during 2015, with approved expansion plans to increase production to 42 Mt in 2016 (Cerrejón [25] ). The mine has three areas for storing coal, whit 18 piles daily maintenance. All piles store up to 3.2 Tons of coal. The coal mine borders three municipalities with a population of 59.089 inhabitants of which 34% are indigenous. Of this population, approximately 70% (41,362 inhabitants) living areas of influence of the mine (< 10 km).
Meteorological data
Due to the region's topographical features, the meteorology information was characterized by data collected from several meteorological stations. The meteorological data used in the analysis were obtained from the Air Quality Network Cerrejón. This network consists of 19 surface stations of which 3 have automatic meteorological sensors. A station upwind the piles of studies (Vivienda) and two stations downwind of piles (Provincial and Casitas). The table 1 describe the location of the 4 monitoring stations of meteorological date for the year 2014 their location and elevations. Information vertical sounding was obtained from the Almirante Padilla Station (Lat -72° 93′; long 11° 53′, 4 meters elevation) from Riohacha City, 100 kilometers north of the mine. The openair software was used for the review and evaluation of meteorological data. The openair software is freely available as an R package. This package was developed mainly for the analysis of atmospheric science measurement specifically for air pollution.
Emission data
The sources under consideration are three areas for storing coal (A1 to A3) (as shown in fig. 2 ). 11 piles in the main area were studied for storing coal (A1), 2 auxiliary piles in the southern area of the mine (A3) and 1 pile in the northern of the mine (A2).
For estimating the emission rates of processes, the present study concerning coal storage piles, was used as established by USEPA [26, 27] . The particles emission rate from coal storage piles depends on the wind velocity (friction velocity) and the size of the particles. The emission factor for wind-generated particulate emissions may be expressed in units of grams per square meter (g/m 2 ) per year as follows: (1) where k depends on the aerodynamic diameter of the particles, N number of disturbances per year and i P erosion potential. The erosion potential function for a dry as follows:
where *  is friction velocity in the coal storage piles * t  is threshold friction
. Because of the nonlinear form of the erosion potential function, each erosion event must be treated separately. Emissions of PM 10 generated by each event are calculated as the product of k (PM 10 = 0.5), erosion potential ( i P ) expressed in g/m 2 , and the area affected by pile.
Air quality model
To determine the contribution on 5 receptors located in villages near the mine, CALPUFF was used (Scire et al. [28] ). The model domain covers a grid of 55 km x 45 km with resolution of cells of 0.25 2 km. Consisting of 220 grid cells along the x-axis and 180 grid cells along the y-axis. Domain coordinates are between 10° 25′ to 11° 11′ north latitude and -73° 18′ to -72° 30′ west longitude, which includes all the area of influence of mining activities (as shown in fig. 1 ). 10 levels of vertical heights (20, 50, 80 5000 m). The numerical simulation is based on the emission and meteorological dataset for the year 2014. The topography input for CALPUFF was processed in two formats DEM (Digital Elevations Model) generated by the USGS (United States Geological Survey).
Results and discussion
Meteorology
In this study the hourly values of the components were separately summed to obtain daily data. The monthly average and the standard deviation of meteorological parameters are listed in Table 2 for each station. Wind roses are a common way to present information on the distribution of wind speed and directions (Hopke [29] ). As observed in the three stations, the wind speed is 3.08 m/s for Provincial, 3.09 m/s for Casitas and 2.43 m/s for Vivienda, with low speeds and very low percentage of calm wind hours (0.05%). The temperature varies from 24.61 to 29.67°C. Low precipitation occurs due to the presence of El Niño phenomenon. Figure 3 shows that the main winds in the Cerrejón mine are from the NE. Wind patterns indicates that PM10 emissions from piles significantly affect stations of Provincial, Hatonuevo and Patilla. The central area for storing coal affects directly the Provincial and Hatonuevo stations where there are small communities of indigenous Wayuu native to the region.
Emission
The emission of PM 10 by erosion and activity in piles was estimated using emissions factors recommended by the USEPA. The results showed that are emitted 4.71E-05 g/m 2 s. Of these, the 27% is due to emissions generated by wind and 77.68% is due to maintenance for bulldozers, the loading and unloading of coal and vehicle traffic around the piles (Table 3 ). Similar results to the presented by Cerrejón [20] , in planning daily activities. The greatest contribution is provided by vehicle traffic around the piles. This is an important activity in the mine because allows load coal for final disposal. This mining activity always is made and providing particulate matter PM 10 to receptors.
Contribution of PM10
The daily contributions of PM 10 were significant and variables for each of the stations (Figure 4) . The modeling showed that 13.8% of the environmental concentration recorded in Provincial station is directly influenced by activities related to the storage of coal, while, in other areas studied the influence was lower: Casitas: 3.43%, Patilla: 3.08% and Hatonuevo: 2.24%. Was not presented contribution by the activities of storage in piles of coal in the station Vivienda, indicating that in the period of study was not recorded inversion of wind. The factor wind direction, was determinant for the contribution in receptors, its frequency during the time of it modeling was NEE. Rojano et al. [30] determined average concentrations in the Provincial station of 32.90 g/m 3 in the same area of study. Estimating the contribution in mass using this information, can be recording a concentration of 5.5 g/m 3 . The model estimated a contribution, which indicates 3 g/m 3 . This indicates an approximation of 55% to the study cited. Fig. 4 shows the PM 10 results obtained by CALPUFF using the three stations meteorology for 2014 indicates that the air quality model identifies areas near to the three areas for storing coal (A1 to A3 of Figure 1) does not exceed the national annual standard in the receptors. The model suggests that can be achieved the 50 g/m 3 in the site close to the piles. In other words, regardless of the model and the meteorology used, the results showed that the areas with the highest concentrations correspond to the location of the emission sources. PM 10 concentrations decreased with increasing distance from the emission source. This observation is consistent with the experimental results reported by Huertas et al. [31] in studies in mines more to the south of Cerrejón. Is important to emphasize that although not reached levels that exceed the standard, the contribution of this source is signified to environmental impact in the area.
Conclusions
In this study CALPUFF was found to predict concentrations of particulate matter PM 10 . The model was used to quantify the average contribution of PM 10 in 13 piles in the main area for storing coal. Concentrations were estimates using meteorological observations from stations located in the coal mining Cerrejón. Maximum concentrations are reached close to the emission source. Although concentrations do not exceed the national standards, the contribution of this source is signified to environmental impact in the area. The contribution to concentrations of PM 10 in areas with the presence of communities can reach 14.5%.
